does not occur. Similar findings were obtained in pediatric cases; IS900 was detected in 78% of Crohn's disease patients and in < 20% of controls. 10 The high prevalence (65-78%) in Crohn's disease patients suggests some etiologic role for this organism in humans as well as other animals species. 10, 17, 18 Because the patient populations examined in these studies 10, 18 had no known direct contact with cattle or M. paratuberculosis, we examined indirect avenues of human contact. As part of that examination, the thermal resistance of M. paratuberculosis under laboratory conditions simulating pasteurization was evaluated.
Two strains of M. paratuberculosis of bovine origin (strains 3737 and ATCC 19698) and 2 strains isolated from diseased human tissues (strains Linda and Ben) were grown in 7H9 broth containing Dubos' oleic albumin complex and 0.05% Tween-80 as previously described. 7, 8 All strains (except 19698) were grown from limited-passage frozen seed lot cultures having <5 passages and maintaining all original characteristics. Cultures were lightly sonicated to disrupt large clumps, and initial number of colony-forming units per milliliter was estimated spectrophotometrically as previously described.' A wild-type strain of Mycobacterium bovis (Hawaiian strain) and M. bovis BCG (TMC 1011) were also used.
Fresh milk, obtained aseptically from a Holstein cow known to be free from paratuberculosis, was chilled on ice and maintained at 4 C until use. To insure accurate colonyforming unit determinations, M. paratuberculosis and M. bovis were suspended in whole milk at approximately 1 x 10 3 , 1 x 10 4 , and 1 x 10 5 organisms/ml, thereby insuring a minimum of 100 colonies per undiluted inoculated tube at a 0% kill rate. Organisms were suspended in a total volume of 10 ml raw milk. Prior to and after heat treatment, milk samples containing M. paratuberculosis were vigorously mixed and subjected to serial lo-fold dilutions in phosphate-buffered saline containing 0.05% Tween-80, and 100-µ1 samples were inoculated onto 5 slants of Herr-old's egg yolk medium containing 2 µg/ml mycobactin. Colony-forming units were determined by colony counts before and after heat treatment. Only dilution tubes containing 5-50 colonies were counted to determine colony-forming units per milliliter of milk because > 50 colonies could not be reliably counted and there was too great a variability in dilution tubes containing less than 5 colonies. All strains were exposed to 3 separate heat treatments on the same day employing the same stocks of spiked milk. Results are reported as the mean t SD of the 3 heat treatments, thereby representing the average colony count of 15 tubes, or 1.5 ml of the total milk sample.
Thermal resistance was performed according to guidelines described for commercial pasteurization as defined by the Public Health Service, US Food and Drug Administration. 15 The standard holder method was simulated by heating milk in a water bath to 63 C (145 F) and maintaining that temperature for 30 minutes with continuous mixing. To simulate the high-temperature, short-time (HTST) method, milk was heated to 72 C (16 1 F) in a double boiler and maintained at that temperature for 15 seconds with continuous mixing. An electronic temperature probe and a mercury-filled thermometer were used to monitor milk temperature. After heat treatment, milk samples were allowed to cool at room temperature, at 4 C, and in an ice bath until equilibrium was reached. Three routes of cooling were employed because, although no standards apply, most processing plants cool the milk after pasteurization, and the rate of such cooling is unknown.
Methods simulating HTST pasteurization were more effective against bovine isolates, as compared with 63 C for 30 minutes, with > 95% of the organisms destroyed; however, 3-5% still survived after heat treatment at 72 C for 15 sec-Results of the various methods of heat treatment on the viability of M. paratuberculosis are summarized in Tables 1  and 2 . There were no significant differences among the various concentrations. Data presented represent those obtained at an initial concentration of 10 4 , as representing the median of the test concentrations. In all cases, the heat treatments employed effectively killed both M. bovis strains, with 0 cfu (100% kill) recovered after heat treatment (data not shown). By heat treatment at 63 C for 30 minutes, the viability of 90% of the bovine M. paratuberculosis isolates was effectively destroyed; however, 5-9% of the organisms per milliliter remained viable after heat treatment. The faster the cooling rate, the larger the number of organisms surviving. This observation may be due to the reduced exposure to increased heat (after the 30-minute cycle) in the more rapidly cooled samples. In contrast to the bovine isolates, human isolates had a higher thermal resistance at 63 C; only 60-80% of these organisms were killed at this temperature after 30 minutes. As with bovine isolates, faster cooling increased the number of surviving organisms. onds. In contrast, the human isolates were generally more heat resistant to 72 C heat treatment, particularly with rapid cooling. Cooling at 4 C caused an increase in survival from 24.8% to 31.4%, as compared with gradual cooling at room temperature. Rapid cooling on ice resulted in an unexplained increased number of colonies (18-2 1%) of the human isolates after heat treatment at 72 C. This increase in colony counts after heat treatment occurred at all concentrations and each treatment and could not be explained. This observation may be the result of breaking up of the bacillary clumps characteristic of M. paratuberculosis 6 by the high heat shock and rapid cooling, thereby causing an increased number of individual colonies rather than an increase in the number of organisms. This may not have occurred with the bovine isolates because of their increased sensitivity to heat.
These results suggest that heat treatments simulating pasteurization under laboratory conditions are not completely effective against strains of M. paratuberculosis, particularly those strains isolated from humans. Although 63 C for 30 minutes or 72 C for 15 seconds are generally considered to be effective in destroying human pathogens, recent studies have suggested that some strains of other bacteria, such as Listeria monocytogenes, 11 have the ability to survive these procedures.
If corroborated by additional studies, the ability of AL paratuberculosis to survive pasteurization would suggest that the introduction of new public health procedures and other measures for the prevention of human disease may be ap-Although these findings suggest thermal resistance of M. paratuberculosis to laboratory conditions simulating pasteurization, these limited studies are not sufficient to establish resistance to commercial pasteurization. Additional efforts, including the use of actual commercial pasteurization equipment, are required to address this issue. propriate. In our continued efforts to identify sources of human contact with this organism, studies are currently in progress to determine if M. paratuberculosis exists within pasteurized retail dairy products.
